In this study, we tried to characterize a kind of low crystallinity carbon materials. The structure of polyparaphenylene(PPP)-based carbon was analyzed by means of high energy X-ray diffraction using the apparatus of SPring-8. The experimental results revealed the existence of basic structural units (BSU) in the highly disordered materials like PPP-based carbon. It is thought that the PPP-based carbons consist of small turbostratic particles, which have a few piled up poly-aromatic layers. The structure of the PPP-based carbon which seemed to be amorphous was estimated to have hexagonal carbon layers with the size of up to 1 nm. The pores in the PPP-based carbon seem to be clearances formed among the BSUs and amorphous carbon. The pore size of PPP-based carbon was estimated from the result of N 2 absorption measurement. The experimental results suggested that the lithium ion charge mechanism in the PPP-based carbon differs from that in graphite. 
Introduction
Polyparaphenylene (PPP), which is known as thermosetting aromatic resin, has straight chain structure in which about ten benzene rings are polymerized. Carbons prepared from the molecules of PPP are classified into low crystallinity carbons.
PPP-based carbon contains many very small pores. As the electrodes of lithium ion batteries (LIB), PPP-based carbon shows a very large charge and discharge capac-ity (larger than 650 mAh/g) [1] , which is much larger than the theoretical maximum capacity of graphite-Li intercalation compound of LiC 6 (372 mAh/g). The Li ion batteries become very dangerous in water, because the volume of Li-charged graphite suddenly increases in water. On the other hand, the volume of Li-charged PPP based carbons doesn't swell in water. So, PPP-based carbons come under review for the use in Li ion battery electrodes.
PPP-based carbon as the electrode of Li ion batteries, however, has some problems in the viewpoint from practical application, such as high resistivity, large irreversible capacity, and poor cycle characteristic. The mechanisms of charge-discharge of Li in the low crystalline carbons are not well understood. The first step to improve perfor-mance of the high capacity Li ion batteries is to know the structure of the low crystalline carbons.
Until now, structure of the kinds of low crystallinity carbons, which were analysed by using wide-angle high energy X-ray scattering at European Synchrotron Radiation Facility (ESRF, Grenoble) [2] was reported. In our study, the structure of PPP-based carbon was analyzed by using high energy X-ray diffraction of SPring-8 1 . SPring-8 (Super Photon ring-8 GeV) is the third generation large synchrotron radiation facility located in Hyogo prefecture Japan. The maximum accelerating energy of electron is 8 GeV.
Experimental
The high energy X-ray we used is monochromatic X-ray of synchrotron radiation at SPring-8. The measurements were carried out using the horizontal two-axis diffractmeter building at the BL04B2 high energy monochromatic bending magnet beamline of SPring-8 [3, 4] . The monochrome meter is a bent Si(220) crystal, which provides 61.7 keV (λ = 0.020 nm) incident photons. The brightness of radiation is about hundred thousand times higher than that of ordinary rotating anode type X-ray tube at laboratories. Since the wavelength of the high energy X-ray is very short, much higher spatial resolution can be obtained compared with the ordinary X-ray diffraction apparatus. Measurement can be carried out up to the scattering vector Q(= (4π/λ) sin θ) = 200 nm −1 using this equipment. Commercially available PPP powder (Thoto Chemical Industry Co., Ltd.) which was made by Kovacic method [5] was used as the raw material. PPP-based carbons, which were heat-treated at 600, 680, 720 and 900°C with one hour residence time [6] , were used as the experimental samples. The samples were encapsulated in borosilicate capillary tubes with an inside diameter of 3 mm. Each sample was irradiated by the X-ray for 8 hours. The structure factors S(Q) which is normalized the high energy X-ray data is obtained as follows [7] :
where I(Q) is X-ray diffraction intensity, is the average per atom, and (Q) is atomic scattering factor. The pair distribution function ( ) is obtained by Fourier transformation of S(Q). ( ) and the reduction radial distribution function G( ) are calculated as follows [8] :
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where is radial distance, ρ 0 is average atomic number density. Since reduction radial-distribution-function G( ) expresses atomic distribution in the materials of an amorphous system quantitatively, an interatomic distance can be obtained from the peak of the G( ) curve. In order to evaluate the pore size of PPP-based carbon material, the adsorption isotherm of N 2 was measured at 77 K, using an accelerated surface area and porosimetry analyzer (ASAP2020: Micromeritics Instrument Corp.).
Results and discussion

High Energy X-ray Diffraction Data
X-ray diffraction patterns of PPP-based carbon samples are shown in Fig. 1 and 2 . The result obtained by using the ordinary laboratory type X-ray diffraction apparatus shows a broad pattern as shown in Fig. 1 , and seems to hardly change even if heat-treatment temperature becomes high. Therefore, it is thought that PPP-based carbon sample has amorphous-like-structure even after the heat treatment. On the other hand, in the high energy X-ray diffraction measurement data, the spectrum pattern which is considered to originate from detailed structure in the sample has appeared as seen in Fig. 2 . So, it is possible to investigate the detailed structure of the PPP-based carbon samples using high energy X-ray diffraction measurement data. Fig. 3 shows structure factor S(Q) which standardized the diffraction data (see Eq. (1) in previous section). The analysis results of PPP-based carbon sample heat-treated at 720°C and the graphite are shown in the figure. Though the X-ray diffraction pattern of PPP-based carbon shown in Fig. 3 is broad and weak compared to that of the graphite, it shows clear pattern up to relatively high Q. It is thought that there are graphite-like-order atom clusters in the PPP-based carbon, because the peaks of S(Q) of PPP-based carbon appeared at the same places of that of graphite as shown in Fig. 3 . In order to investigate the detailed atomic location in the PPP-based carbon material, the result of having calculated the reduction radial distribution function (RDF) G( ) is shown in Fig. 4 . The radial distance of the horizontal axis in Fig. 4 can be considered to be the distance from a basis atom in the crystal structure model of graphite. The crystal structure model of graphite is shown in Fig. 5 . The peak positions of the RDF curve were compared with the interatomic distance of the crystal model of graphite, and labeled 'A', 'B' and 'C'. The peak positions labeled 'A' in Fig. 4 corresponds to interatomic distances in the same hexagonal layer of graphite (see Fig. 5 ). The labels of 'B' indicate the peaks corresponding to interatomic distances of atoms of the adjacent hexagonal layers of ABAB stack- ing of graphite. The peak labeled 'C' shows interatomic distance between the atoms of every other hexagonal layers of ABAB stacking. The peaks up to A10 positions in RDF curve of PPP-based carbon heat-treated at 720°C are identified to the interatomic distance of graphite structure in the same hexagonal layer. So, it is thought that there is correlation of Figure 5 . Graphite model. structure between the PPP-based carbon and graphite. This result shows that the spread width of hexagonal layer in the PPP-based carbon heat-treated at 720°C was about 0.8nm. The size of the small graphite like units increases a little with increase of heat-treatment temperature. The dashed line with arrow in Fig. 4 shows the spread of stacking order units. The spectrum intensity of the 'B' and 'C' peaks, on the other hand, are very weak compared with the intensity of 'A' peaks. This suggests that the atomic location between different hexagonal-net planes has shifted from the theoretical position, and/or that only a few hexagonal layers are piled up. Existence of basic structural units (BSU) [9] in the PPPbased carbon, a kind of highly disordered carbon, has been shown by these experimental results. It is thought that the PPP-based carbon material consists of the randomstacked-BSUs and amorphous carbon. The pores in the PPP-based carbon materials seems to be clearances formed among the cluster of BSUs and amorphous carbon.
Gas Adsorption Characteristics
Calculated pore size distribution from the results of N 2 adsorption isotherm at 77 K by applying density functional theory (DFT) is shown in Fig. 6 . The pore size distribution around 1.2 nm which is not seen in 600°C sample appears clearly in the curves of 680°C and 720°C samples. In the data of 900°C sample, the peak at 1.2 nm was extinguished and the other peaks have appeared. When PPP-based carbon heat treated 720°C with one hour residence time is used for the electrode of Li ion battery, the highest discharge capacity at second cycle was obtained [10] . So, the pores of size around 1.2 nm seem to have relation to insertion mechanism of Li ions, since the sample heat treated at 720°C has the highest pore size distribution of this size. Although the Li ion charge mechanism of the graphite electrode is an intercalation between layers, the mechanism of the electrode using PPP-based carbon is thought to differ much from this.
Conclusion
The structure of PPP-based carbon was analyzed on atomic size by high energy X-ray equipment of SPring-8. The existence of basic structural units (BSU) was clarified in the highly disordered carbon like PPP-based carbon. It was estimated that there were a few stacks of hexagonal carbon layers in BSU. The structure of PPP-based carbon which was seemed to be amorphous until now, was estimated to contain the cluster of graphite like particles less than or around 1 nm in size, depending on the annealing temperature. Nano size spaces among the BSUs and amorphous carbon in the PPP-based carbon materials seem to contribute to charge of Li ion in Li ion batteries.
The experimental results suggested that the lithium ion charge mechanism in the PPP-based carbon differs from that in graphite.
